INTRODUCTION
In many transport processes existing in nature and in industrial applications, heat and mass transfer is a consequence of buoyancy effects caused by diffusion of heat and chemical species. The study of such processes is useful for improving a number of chemical technologies such as polymer production, enhanced oil recovery, underground energy transport, manufacturing of ceramics, and food processing. Heat and mass transfer from different geometries embedded in porous media have many engineering and geophysical applications such as drying porous solids, thermal insulation, and cooling nuclear reactors. At high operating temperatures, radiation effects can be quite significant. Because many engineering processes occur at high temperatures, knowledge of radiation heat transfer becomes very important for the design of reliable equipment, nuclear plants, gas turbines, and various propulsion devices or aircraft, skin friction ω dimensional frequency of oscillation ω e cyclotron frequency missiles, satellites, and space vehicles. Micropolar fluids consist of randomly oriented particles that are suspended in a viscous medium. They can undergo a rotation affecting hydrodynamics of the flow, rendering the fluid distinctly non-Newtonian. This constitutes an important branch of non-Newtonian fluid dynamics, wherein microrotation effects and microinertia are exhibited. The theory of micropolar fluids, originally developed by Erigen (1966) , has become a popular field of research in recent years. Erigen's theory has provided a good model for studying a number of complicated fluids, such as colloidal and polymeric fluids and blood. Micropolar fluid flow induced by the simultaneous action of buoyancy forces is of great interest in nature and many industrial applications as drying processes, solidification of binary alloys, astrophysics, geophysics, and oceanography. When the magnetic field is strong, one cannot neglect the effect of Hall currents. It is of considerable importance and interest to study how results of hydrodynamic problems are modified by the effect of Hall currents, which give rise to a cross-flow, making the flow three dimensional (3D). Several authors (Eldabe and Ouat, 2006; Keelson and Desseaux, 2001; Mahmoud, 2007; Magdy, 2005; Modather et al., 2009; Nadeem et al., 2010; Omokhuale et al., 2012; Patil and Kulkarni, 2008; Rehbi et al., 2007; Roslinda et al., 2008; Srinivasachanya and Ramreddy, 2011; and Sunil et al., 2006) have studied magnetohydrodynamic (MHD) flow of a micropolar fluid. Recently, Veera , Swarnalathamma and Veera Krishna (2016) , Veera Krishna and G.S. Reddy (2016) , and Veera Krishna and M.G. Reddy (2016) In this study, we considered homogeneous-heterogeneous reactions. Referencing the above-mentioned facts, we studied heat and mass-transfer effects on unsteady flow of a chemically reacting micropolar fluid over an infinite vertical porous plate through a porous medium in the presence of an inclined magnetic field, with angle of inclinationα, Hall effect, and thermal radiation taken into account.
FORMULATION AND SOLUTION OF THE PROBLEM
As mentioned above, we considered unsteady flow of viscous, incompressible, and electrically conducting micropolar fluid over an infinite vertical porous plate subjected to an inclined magnetic field with angle of inclinationα and in the presence of thermal and concentration buoyancy effects. The induced magnetic field was assumed to be negligible in comparison to applied magnetic field. The x-axis was taken along the plane surface in an upward direction and the z-axis was taken to be normal to the x-axis, as shown in Fig. 1 . Due to an infinite plane surface assumption, flow variables were functions of z and time t only. The plate was subjected to constant suction velocity V 0 . Below, we give governing equations of flow under the usual Boussinesq approximation (Prakash and Muthtamilselvan, 2014) :
When the strength of magnetic field is very large, the generalized Ohm's law is modified to include Hall current as follows:
FIG. 1: Physical configuration of the problem
In Eq. (4), electron pressure gradient, ion slip, and thermoelectric effects are neglected. We also assume that electric field E = 0. Under these assumptions, Eq. (4) reduces to
where m = ω e τ e is the Hall parameter. After solving Eqs. (4) and (5), we obtain
Equations (7) and (8) substitute into Eqs. (2) and (3) as
The approximate boundary conditions for the problem are
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The constant n is related to microgyration vector and shear stress. Furthermore, 0 ≤ n ≤ 1. The case n = 0 represents concentrated particle flows, in which the microelement close to the wall surface is unable to rotate. This case is also known as a strong concentration of microelements. The case n = 0.5 indicates vanishing of the antisymmetric part of the stress tensor and denotes weak concentration of turbulent boundary-layer flows. We consider that n = 0.5.
Following the Rosseland approximation, the radiative heat flux q r is modeled as
Assuming a difference in temperature within the flow, such that T 4 can be expressed as a linear combination of temperature, we expand T 4 in Taylor's series about T ∞ as follows:
Neglecting higher-order terms beyond the first degree in (T − T ∞ ), we have
Differentiating Eq. (16) with respect to z and using Eq. (18), we obtain
Let us introduce the following dimensional variables:
Substituting Eq. (20) into Eqs. (9)-(15) and using Eq. (1) yields the following dimensionless equations:
1 4
where
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is the dimensionless viscosity ratio β,
the thermal Grashof number Gr,
the modified Grashof number Gc,
the material parameter L, and
is the chemical reaction parameter Kc. In addition, boundary conditions become
is the slip parameter h. We thus simplify Eqs. (21)- (24) by introducing q = u + iw and p = N 1 + iN 2 to have 1 4
And the corresponding boundary conditions are
To solve Eqs. (28)- (30) subject to boundary conditions of Eq. (32), we assume a perturbation of the form
Substituting Eq. (33) into Eqs. (28)- (30), we obtain the following set of equations:
The corresponding boundary conditions can be written as
The solution for Eqs. (34)-(37) in satisfying boundary conditions of Eq. (38) is given by q = a 8 e −m4η + a 5 e −m2η + a 6 e −m3η + a 7 e −m1η e iωt ,
The local skin friction coefficient C f , couple stress coefficient C ω , Nusselt number Nu, and Sherwood number Sh are important physical quantities of engineering interest. C f at the wall is given by
C ω at the plate is written as
The rate of heat transfer at the surface in terms of Nu is given by where
The rate of mass transfer at the surface in terms of Sh is given by
(1 + hm 4 ) , a 9 = −ni(m 4 a 8 + m 2 a 5 + m 3 a 6 + m 1 a 7 ),
RESULTS AND DISCUSSION
We studied the unsteady and incompressible electrically conducting 3D flow of a chemically reacting micropolar fluid over an infinite vertical porous plate. We performed numerical assessment of analytical solutions that we report in the previous section, and our results are presented in graphical and tabular form to illustrate the influence of various parameters involved in the study. We chose n = 0.5, L = 1, α = π/3, and β = 1, but the values of other parameters varied over a range. Temperature, concentration, and velocity profiles for u and w and microrotation profiles for N 1 and N 2 are illustrated in Figs. 2-18 , respectively. Likewise, local factors including Nu, Sh, C f , and C w are tabulated in Tables 1-3 . Figure 2 shows concentration distribution profiles for different values of Sc, Kc, frequency of oscillation ω, and t. It can be noted that fluid concentration decreases as Sc, Kc, and ω increase, whereas it increases with t throughout the fluid region. Figure 3 presents the effect of Pr, N r, ω, and t on temperature profiles. Increasing Pr tends to decrease temperature in the boundary layer and reduce thermal boundary-layer thickness. This results in a reduction of temperature wall slope as Pr increases, causing Nu to augment, as can be clearly seen in Table 2 . Similar behavior is observed for increasing ω. The influence of radiation on temperature profiles tells us that as N r or t increases, temperature increases.
The effect of M on velocity distribution profiles across the boundary layer is presented in Fig. 4 . It is obvious that the effect of increasing values of M results in decreasing u and w across the boundary layer. This is due to the fact that the effect of transverse magnetic field gives rise to a resistive-type force called Lorentz force, which tends to slow fluid motion. Resultant velocity also decreases throughout the fluid region with increasing magnetic field intensity. Figure 5 displays the effect of m on velocity distribution profiles; it can be seen that m increases both u and w. The resultant velocity also enhances throughout the fluid region with increasing m. Figure 6 depicts the effect of K on distribution profiles for u and w. It is obvious that as K increases, u and w increase along with boundary-layer thickness, which is expected because when holes of porous medium become larger, medium resistivity may be neglected. Similar behavior is observed with increasing K for resultant velocity. The resultant velocity also reduces with Pr, and we have seen the same occur with u and w and different values of N r. The effect of increasing N r is to increase translational velocity. This is because when heat intensity that is generated through thermal radiation increases, the bond holding fluid particle components is easily broken, and fluid velocity increases (not displayed in the figure) . Resultant velocity also enhances with increasing N r. Figures 8 and 9 illustrate translational velocity profiles for different values of Gr and Gc, respectively. We see that an increase in Gr or Gc leads to a rise in u and w profiles. Increasing Gr or Gc also enhances resultant velocity throughout the fluid region. Figure 10 depicts the effect of ω on velocity distribution. The primary velocity component u reduces and The microrotation profiles for N 1 are negative because fluid microrotation direction is counterclockwise. Figure  11 depicts microrotational velocity profiles for N 1 and N 2 , which decrease with increasing values of M . Figure 12 illustrates microrotational velocity distributions for different values of m. We can see that as m increases, N 1 and N 2 decrease. The effects due to permeability of porous medium parameter K on microrotational velocity are shown in Fig. 13 . It is observed that as K increases, microrotational velocity components N 1 and N 2 decrease. Figure 14 shows that as the Pr increases, N 1 and N 2 decrease in the entire region of the fluid medium. Figure 15 illustrates Figure 16 elucidates that increasing Gr augments microrotational velocity components for N 1 and N 2 . With increasing Sc, the microrotational velocity component for N 1 reduces but enhances for N 2 (not displayed). The reverse behavior is observed for increasing ω and t (Figs. 17 and 18) . Table 1 shows the effect of increasing Sc, Kc, ω, and t on Sh. The rate of mass transfer augments with increasing Sc, Kc, and ω but reduces with time. Table 2 shows the effect of increasing N r, Pr, ω, and t on Nu. We can see that surface heat transfer from the porous plate increases with increasing Pr and decreases with increasing N r. In effect, the rate of heat transfer increases with increasing Pr and ω but reduces with increasing N r and t. These results are in good agreement with Mahmoud (2007) and Oahimire and Olajuwon (2014) . Table 3 shows the effects of a constant that is related to relevant parameters of C f and C w . Increased N r, m, K, Gr, and Gc increases C f but reduces with increasing Hartmann number M , Pr, Sc, Kc, h, ω, and t. Likewise, C w increases with increasing Hartmann number M , N r, Gr, mass Gc, ω, and t and reduces with increasing m, Pr, Sc, Kc, h, and K. 
CONCLUSIONS
We conducted an analytical study of MHD heat and mass-transfer flow of an incompressible, electrically conducting, micropolar fluid with chemical reaction over an infinite vertical porous plate through porous medium. As a result, we conclude the following.
1. In the presence of a uniform magnetic field, increases in the strength of applied magnetic field decelerated fluid motion along the wall of the plate inside the boundary layer. 2. Increases in m and N r enhance momentum and thermal boundary-layer thickness but decelerate microrotational velocity.
3. Kc reduces velocity but increases microrotational velocity. The opposite is observed for increasing m.
4. Nu increases as Pr increases and decreases as N r increases.
5. Sh increases as Sc and Kc increase.
6. Kc and h decrease both C f and C w .
